1,3-Dimethyl-6-tritluoromethanesultonyloxylumazine is prepared bv a reaction of 1 ,3-dimethvllumazine 5-oxide with tritluoromethanesultonic anhydride and is converted efficiently into lumazines with various substituents, for example amino, halogens, phenylthio, thiocyano, phenylseleno, and so on, on the 6-position by reactions with tlle corresponding nucleophiles.
Introduction
6-Substituted. ptelid..incs are biologically and pharmaceutically interesting heterocyclic compounds and have been emplO\'ed as \'ersatile precursors for syntllesis of biologically active pteridines (1-3). Preparation of 6-h. lI1ctionalized . pteridine is usually carried out by multistep pyrazine ring formation, because the one-step pyrazine ring tormation from 5, 6-diaminopyrimidine with an asymmetric (X-(:ucarbonyl compound usually gives a regioisomeric nlixture of 6-and 7 -substituted pteridines. Previously, 6 -substituted pteridines have been prepared by derivation from a readily available 6-hydroxypteridine. For example, 6-chloro-, 6-amino-, and 6-iliiopteridines have been synthesized from 6-hydroxypteridine by using phosphorous mediated deoxygenating substitutions and following stepwise inter con- § Author to whom correspondence should be addressed.
versions of the nmctional groups (4) . Direct introduction of functional groups toward easily available 6,7 -unsubstituted pteridine looks straighttc:>[ward and widely applicable, if it proceeds in the regioselective manner. However, there ha\'e been reported a tew direct reactions which could convert 6,7 -unsubstituted pteridine selectively into 6-or 7-substituted pteridine (5-7). On the other hand, two nitrogen atoms, N (5) and N(8), of pteridine are easily recognized by using oxidizing reagents, and the corresponding N-oxide is obtained in high selectivity (8, 9) . It is also known that the N-oxide is a good precursor for regiospecific introduction of functional groups, although the available groups are limited, on the neighboring carbon atom, C ( 6) or C(7) (9-11). In iliis paper, we describe a general procedure for conversion of the pteridine 5-oxide into various kinds of 6-substituted pteridines via the highly reactive intermediate, 6 -tritluoromethanesulfonyloxypteridine. (1) with Trifilloromethaneslilfonic Anhydride
Results and Discussion

Reaction of 1,3-Dimethyllumazine 5-0xide
As described in the lit erature (9) , oxidation of 1 ,3-dimethvllumazine, 1 ,3 -dimethyl-2,4( 1 H,3H )-pteridinedione, by 30% hydrogen peroxide in trifluoroacetic acid at 20ne proceeded cxcl usivclv at the N ( 5 )-position to g ive 1,3-dimethvllumazine 5-oxide (1 ) in 83% vield. The structure of 1 is contlrmed by X-ray crystallographic analysis and is shown in Figure 1 with atomic n umberings, where hydrogen atoms arc omitted. Observed bond lengths and angles of 1 are summarized in Tabk 1  and Table 2 , respectivclv.
Since the I\! -oxide (1) is a potentiallv activated substrate toward substitution reaction on the C (6 )-position (6, 10, 11 ), 6-chloro-l,3-dimethYllumazine (2 ), and 6-bromo-l ,3-dimetll\'lIumazine (3 ) were prepared by reactions with acetyl chloride and acetyl bromide in 96 and 76% yields, respectively. Methanesulf()l1~!1 chloride and trifluoromethanesultonic anhydride reacted with 1 to give 2 and 1,3-dimethyl-6-trifluoromethanesulfonyloxylumazine ( 4) in 87 and 86% yields, respectively. Generally, in the chemistry of pteridine, C(6) and C(7) positions could be classified by IH and Uc NMR spectra, becalise of resonance and inductive, electron donating and withdrawing, efiects of substituents on the other positions arc difierent. However, it is not so easy to assign the regioisomeric structure of 6-and 7-substituted 1,3-dimethyllumazines, and the determination of th e product obtained from the reaction of 1 with acetyl bromide to be eitller 6-bromolumazine 3 or the 7-bromo isomer by using NMR spectroscopy is not con elusive ( 12) . Thus, we employed X-ray crystallographic analysis to confirm the structure of 6 -bromo delivative 3 . The obtained structure omitting hydrogen atoms are illu - 1.33 C( 7 )-N (S) 1.40 ~(8 1 -C ( Sa) 1.36 bond angle/ degree bond angle/ degree bond angle / degree
•
Pteridines/ Vol. 8 / No. strated in Figure 2 with atomic numberings. The bond lengths and bond angles are summarized in Table 3 and Table 4 , respectively. It is now proven that the reaction of 1 with acyl halides or acid anhydrides regiospecifically give some 6-substituted lumazines. If the external nucleophiles. (such as (CH"hSi-X ), instead of the internal nucleophilc, could attack toward the tightly ion-pairing intermediate ( 13) which is produced by the reaction of 1 with acyl halide or anhydride (Scheme 2), the synthetic utility and generalit), of the reaction would increase very much. Among various acyl and sulfonyl chlorides and anhydrides, only trifluoromethanesultonic anhydride was possible to activate 1 toward nucleophilic attack of the trimethylsilylated nucleophile (( CH,,).\ Si-X) because of very weak nucleophilicity of the internal counter anion (CF 3 S0 3 ) . For example, reaction of 1 with trimethylsilyl isothiocyanate proceeded in the presence of trifluoromethanesulfonic anhydride at 60"C to give 1,3-dimethyl-6-thiocyanatolumazine (5 ) in 46% yield . Reaction of 1 with iodotrimethylsilane and cyanotrimethylsilane under the same conditions gave 6-iodo-l,3-dimethyllumazine (6) and 6-cyano-l,3-dimethyllumazine (7 ) in 12% and 12% yields together with 4 (as the major product), respectively. Intramolecular addition of the anion is usually more favorable than intermolecular reaction of the outer nucleophile in the initially produced intermediate . According to the competition between the external (CH3)35i-X and internal CF.\50.\ , 4 was o btained as the major product when relatively weak nucleophilic (CH.\,,,SiI and (CH 3 hSiCN were emplo\'ed to thc reaction . 
Nucleophilic Substitution of 4
The obtained trifluoromethanesulfonate derivative 4 is highly soluble in common organic solvents and able to be treated by silica gel column chromatography . It is well known that trifluoromethanesulfonate anion is a very good leaving group and the organic trifluoromethanesulfonate (ROS0 2 CF 3 ) is considered to be one of best substrates for both 5;-.:1 and S;-.:2 reactions . Since C( 6) and C(7) positions of pteridine are potentially accessible to nucleophilic attack (11), 4 seems to be a highly reactive substance for nucleophilic substitution on the C( 6 ) position via an addition-elimination mechanism . Indeed, reaction of 4 with anhydrous ammonia and diethylamine at room temperature gave corresponding 6-amino lumazine 8 and 9 in 69 and 83% yields, respectively . When aqueous solution of dimethylamine was employed to the reaction, 6-hydroxy-I,3-dimethyllurna zinc (10) resulting from hydrolysis of 4 was obtained as the major product (63% yield) together bond angle/ degree bond angle/ degree bond angle/ degree
Pteridines/ Vol. Murata e l al. : A novel method for 6 -substituted lumazines the desired substitution products (7 and 14) , but the yields were very low ( 14) . All results are summarized in Table 5 .
In conclusion, compound 4 is more reactive toward nucleophilic substitution than usually employed 6-halogenolumazines 2 and 3 (15) (16) (17) (18) , and variety of nucleophiles could replace the trifluoromethanesulfonyloxy group on the C( 6) position . for example, preparation of 6-aminolumazine 8 ti-om 6-chlorolumazine 2 was not effected by ammonia but by stepwise reactions using substitution by hydrazine under forcing conditions ( 15 ) . Since 4 is very stable and easily available as a regioisomeric pure form, 4 is employable as a versatile synthon for various 6-substituted lumazines.
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Experimental
General M ethods
Melting points (mp) were uncorrected. Flash column chromatography was carried out by usmg Table 6 .
X-ray Crystallographic Analysis of 3
Crystal and analytical data of 3 are as follows: 5 Table 7 .
Preparation of 1,3-Dimethyllumazine 5-0xide (1)
To a solution of 1,3-dimethyllumazine (19) (5.0 g, 0.026 mol) in trifluoroacetic acid (25 ml) was added 31% hydrogen peroxide (14 ml) at 20°e. The mLxture was stirred for 14 h and concentrated to about 1/3 vo lume ill vaCllO. Resulting yellow precipitates were collected by filtration and recrystallized from ethanol. Pure 1 (5.4 g, 83%) was obtained as yellow needles. mp 248-249°C (ref. (9 ) 3 .69 (3H, s, N(3 )CH.,) , 3 .46 (3H, s, N ( l)CH., _IH NMR (CDC\.,): 0=8.63 (I H, s, C(7)H ), 3.71 (3H, s, N (3)CH J ) , 3.54 (3H, s, N(l ) 
Preparation of 6-Chloro-l,3-dimethyllumazine (2)
(
Preparation oj 6-Bromo-l ,3-dimethyllumazine (3)
(a ): A mixture of 1 (0.04 g, 0.2 mmol) and acetyl bromide (0.59 g, 4 .8 mmol) was stirred at 18"C tor 1 h . The mixture was poured into 5% NaHCO J solution at O"C, and the product was extracted with dichloromethane (5 ml x 3 ). The combined extracts were dried O\'er Na2CO, and concentrated. The residue was subjected to silica gel chromatography eluting with a 5: 1 mixture of toluene and ethvl acetate. Pure 3 (0 .041 g, 76%) was obtained as colorless needles.
(b ): A solution of4 (0 .10g, 0.3mmol) and lithium bromide (0.050 g , 0 .58 mmol ) in DMF (2 ml ) was heated at 100°C for 18 h. The solvent was removed in vacuo at 25"C, and the residue was subjected to silica-gel column chromatography . Pure 3 (0.053 g , 66%) was obtained. 3.70 3.54 ( 3H, s, N ( 1)CH3) 
Preparation oj 1,3 -Dimethyl-6-trifluoromethanesu 1-Jony loxylumazine (4)
A mixture of 1 ( 1.00 g, 4.81 mmol ) and tritluo romethanesultonic anhydride (2 .95 g, 10.5 mmol ) was heated in a scaled tube at 60"C for 18 h. The mixture was poured into 5% NaHC0 3 solution at O"C, and the product was extracted with dichloromethane (40 ml x 3). The combined extracts were washed with saturated NaCI solution (50 ml)
Murata et al.:
A novel method for 6-substituted lumazines and dried over Na 2 S0 4 . After evaporation of the solvent, the obtained pale yellow solid was recrystallized from ethanol. Pure 4 (1.41 g, 86%) was obtained as colorless needles. mp 165-166"C (ethanol). -IR (KBr): v=1730, 1684, 1605, 1559,  1493, 1466, 1433, 1400, 1331, 1290, 1233, 1196,  1134, 1015, 976, 914, 853, 785, 754, 733, 617  cm l .
-l.N (CH 30H ): A,,~\X (£)=340 (9500), 245 (23400) nm . _IH NMR (CDCl 3 ) 0=8.64 (lH, s, C (7)H), 3.75 (3H, s, N(3 )CH 3 ) , 3.55 (3H, s, N(l 
Preparation oj 1,3-Dimethyl-6-thiocyanatolumazine (5)
(a ): A mixture of 1 (0.11 g, 5 .0 mmol ), trimethylsilyl isothiocyanate (0 .10 g, 7.6 mmol), and tritluoromethanesulfonic anhydride (0.17 g, 5 .9 mmol) was heated in a sealed tube at 60°C for 18 h . The mixture was poured into 5% NaHCO~ solution at O°C, and the product was extracted with dichloromethane (5 ml x 3). The combined extracts were dried over Na 2 C0 3 and concentrated. The residue was subjected to silica gel chromatography eluting with as: 1 mixture of toluene and ethyl acetate . Pure 5 (0.069 g, 47%) was obtained as pale yellow needles together with 4 (0 .008 g, 5%).
( b ): A mixture of 4 (0.10 g, 0.31 mmol) and sodium thiocyanate (0 .051 g, 0.063 mmol ) in DMF (2 ml) was heated in a sealed tube at 100°C for 24 h . DMF was removed in vacuo, and the residue was subjected to silica-gel column chromatography. Pure 5 (0.045 g, 58%) was obtained together with 10 (0.009 g , 14% 3 .73 (3H, s, N ( 3)CH 3 ) , 3.55 (3H, s, N ( 1)CH3) . was heated in a sealed tube at 60°C for 18 h. The mixture was poured into 5% NaHC0 3 solution at O°C, and the product was extracted with dichloromethane (5 ml x 3 ). The combined extracts were dried over Na 2 C0 3 and concentrated. The residue was subjected to silica gel chromatography eluting with as: 1-mixture of toluene and ethyl acetate. Pure 6 (0 .019 g, 12%) was obtained as yellow prisms together with 4 (0.048 g, 28%), 1,3-dimethyllumazine (0.018 g, 18%), and 1 (0 .017 g, 16%).
(b) : A solution of 4 (0.10 g, 3.0 mmol ) and sodium iodide ( 0.090 g, 6 .0 mmol ) in DMF (2 ml ) was heated at 100"C for 24 h. The solvent was removed in vacuo at 25°C, and the residue was subjected to silica-gel column chromatography. Pure 6 (0.061 g, 65%) was obtained together with 10 (0.013 g, 21 %). mp 243-244"C (toluene) . (7) (a): A mixture of 1 (0.10 g, 5.0 mmol), cyanotrimethylsilane (0.065 g, 6.6 mmol), and trifluoromethanesulfonic anhydride ( 0.15 g, 5.4 mmol) was heated in a sealed tube at 60"C for 18 h . The mixture was poured into 5% NaHCO-, solution at O"C, and the product was extracted with dichloromethane ( 5 ml x 3 ). The combined extracts were dried over Na 2CO., and concentrated. The residue was subjected to silica gel chromatography eluting with a 5: 1 mixture of toluene and ethyl acetate. Preparation of 6-Amino-l,3-dimethyllumazine (8) To a solution of 4 (0.10 g, 0.30 mmol) in THF (4 ml) was bubbled dry ammonia slowly at 18°C for 15 h. Pure 8 (0.044 g, 70%) was obtained as colorless powder. mp 330-3 31°C (ref. (15) (9) A solution of4 (0.10 g, 0.30 mmol ) and diethylamine (0 .087 g, 1.2 mmol ) in THF (2 ml) was stirred at 18"C tor 14 h. The solution was evaporated to dryness in vacuo, and the residue was subjected to silica-gel column chromatography eluting with a 1: 1 mixture of toluene and ethyl acetate. Pure 9 (0.066 g, 83%) was obtained as (10) To a solution of 4 (0.10 g, 0.30 mmol) ill 1,4-dioxane ( 1 rnl) was added 28% ammonia (1 rnl) at 17°C . After 10 min, the solution was evaporated to dryness in vacuo, and the residue was subjected to column chromatography eluting with ethyl acetate and methanol (3:1). Pure 10 (0 .05 g, 77%) was obtained as colorless prisms. mp 303-304°C (ref. (15) 300"C). 
6-Cyano-l,3-dimethyllumazine
Preparation of 6-Diethylamino-l,3-dimethyllumazine
6-Hydroxy-l,3-dimethyllumazine
